Holter's invention of the non-retum valve and its use in ventriculo-caval drainage operations has been a revolutionary step in the treatment of hydrocephalus. The valves effectively control intracranial pressure and prevent the back flow of blood from the vascular system. This technique has been in use in this country since January 1958. In our unit 48 such operations were carried out during 1958, using the Holter valve. Having acquired technical experience and confidence in the operation, we decided to assess its value and limitations, and to define the indications for and the timing of this procedure by fully controlled therapeutic trials. In this paper we describe one such trial, in which all the patients suffered from uncomplicated congenital hydrocephalus. The second trial covering the treatment of congenital hydrocephalus in infants who were born with meningomyelocele will be described in a separate publication. Material and Methods During 1959 and 1960 30 infants (19 boys and 11 girls) under 1 year of age were admitted with primary hydrocephalus. The hydrocephalus, as far as could be ascertained, was due neither to intrauterine infections (e.g. toxoplasmosis) nor to postnatal cerebral trauma or infection. There was no associated spina bifida cystica, or other complex multiple congenital deformities. All were under 1 year of age on admission and 11 were under 2 months, but 6 were over 6 months of age (Table I) .
Holter's invention of the non-retum valve and its use in ventriculo-caval drainage operations has been a revolutionary step in the treatment of hydrocephalus. The valves effectively control intracranial pressure and prevent the back flow of blood from the vascular system. This technique has been in use in this country since January 1958. In our unit 48 such operations were carried out during 1958, using the Holter valve. Having acquired technical experience and confidence in the operation, we decided to assess its value and limitations, and to define the indications for and the timing of this procedure by fully controlled therapeutic trials. In this paper we describe one such trial, in which all the patients suffered from uncomplicated congenital hydrocephalus. The second trial covering the treatment of congenital hydrocephalus in infants who were born with meningomyelocele will be described in a separate publication. Material and Methods During 1959 and 1960 30 infants (19 boys and 11 girls) under 1 year of age were admitted with primary hydrocephalus. The hydrocephalus, as far as could be ascertained, was due neither to intrauterine infections (e.g. toxoplasmosis) nor to postnatal cerebral trauma or infection. There was no associated spina bifida cystica, or other complex multiple congenital deformities. All were under 1 year of age on admission and 11 were under 2 months, but 6 were over 6 months of age (Table I) .
After the diagnosis of hydrocephalus was established by pneumoencephalography or ventriculography, they were allocated by random selection to one of two groups. One group was treated by operation immediately after the diagnosis was made, and the other group acted as controls; they were not operated on at least until it became clear that conservative treatment had failed. There were 5 patients who were not allocated to either group, because they already had such advanced hydrocephalus that immediate operative treatment appeared essential.
Received May 1, 1968. The degree of hydrocephalus was determined by ventriculography (Lorber, 1961) . Among 12 patients allocated to the treated group, 2 infants had Grade 2 hydrocephalus, with a cerebral mantle measuring between 15 and 35 mm., and 10 had Grade 3 hydrocephalus, with a cerebral mantle of less than 15 mm.
Among the 13 controls there were 8 infants with Grade 2, and 5 with Grade 3 hydrocephalus. Thus the treated group was accidentally weighted with more severe or more advanced cases. This adverse weighting is probably related to the age on admission. The 'controls' were admitted at an earlier age (9 under 3 months against 4 in the treated group). Had they come a little later, their hydrocephalus would have been more advanced, as indeed was demonstrated by the precipitous rise in their head circumference after inclusion in the trial.
Finally, in the 5 not included in the controlled investigation the cerebral mantle was extremely thin.
Admission of new cases to the trial ceased at the end of 1960, because intermediate analysis of the results already indicated a trend which led to a change in policy.
All children were examined at regular intervals at 6, 12, 18, and 24 months of age, and then at each birthday. Developmental assessments were made at each visit by one of us (J.L.), and independent assessment was made by educational psychologists immediately before their fifth birthday, to assess them for scholastic purposes. Their assessment continued subsequently, and school The Holter shunt was examined for its patency by palpation of the 'pump' behind the ear, and by radiography for the position of the lower end of the tube in the right auricle or in the main veins entering it. If the tube could be compressed easily with the finger and filled up rapidly when the finger was removed, it was considered to be working satisfactorily.
Results
The results presented are those that applied in October 1967. As a controlled therapeutic investigation, this study failed in one respect. As time went on, all but 2 of the 13 infants allocated to the control group had to be operated on because of rapidly increasing head circumference or other signs of neurological deterioration. In fact, it appears retrospectively that some of those who were operated on at a later stage should probably have been operated on sooner.
In the control group the interval between the allocation into the trial and the operation was between 4 weeks and 4 months in 7 infants; it was 12 months, 16 months, 18 months, and 3 years, respectively, in one each (Table II) .
Two operated children had a shunt in position for so short a time that in some respects these could be considered as untreated cases.
The first was operated on at 20 months of age but developed septicaemia with colonization of the valve. The shunt was removed within 3 weeks and was not reinserted until he was 7 years of age.
The second was first seen and operated on at (Lorber, to be published).
As there is no true control group left, the results obtained in the entire group of 30 children will be analysed together.
Mortality (Table III) . Up to the end of October 1967, 5 children (17%) had died. Death was directly due to the hydrocephalus or its treatment in 3, probably due to it in 1, and almost certainly was unconnected with it in the fifth.
The youngest (Case 1) died at 8 months of age. The skin over the Holter valve broke down, the valve became exposed, and the baby developed meningitis due to Staphylococcus aureus. (The whole shunting system had to be removed and the baby died from the combined effects of meningitis and untreated hydrocephalus.)
The next (Case 2), according to age at death, was a boy who died at home at 2 years 10 months of age. He was not operated on until he was 12 months of (c) 8 children with normal intelligence but with neurological sequelae (Table V) . There are 8 further children whose intellectual development is within the normal range, but who have varying handicaps because of the neurological damage resulting from the hydrocephalus or the complication of its treatment. Their intelligence quotient is in the lower ranges of normal, between 80 and 100. Multiple handicaps (e.g. blindness with spasticity) make accurate estimation difficult and probably unnecessary.
There are 3 with slight disability consisting of spasmus nutans in one, a slightly spastic, clumsy hand in the second, and unilateral deafness plus slight spastic paraparesis in the third, not sufficient though to keep him from walking and going to ordinary school. A fourth child also has slight spastic weakness of her legs but she also has pale optic discs and impaired vision.
The remaining 4 children with normal intelligence have much more severe neurological sequelae. The first of these is a boy of 8 who was 6 months old when he was first seen and who then had a mild left-sided hemiparesis. A pneumo-ventriculogram disclosed a pressure of over 400 mm. CSF and there was only 10 mm. of cortex. Such thin cortex at 6 months of age indicated far more severe hydrocephalus than such a figure would mean in early infancy, as was also shown by his head circumference of 52*5 cm. His fundi were very pale. After operation 5 days later, his progress was good, and his head circumference only increased 2-5 cm. over the next 7! years, but his moderate hemiparesis persisted. He remains partially sighted, with visual acuity of R 6/60, L 6/36 (with glasses). He has considerable horizontal constant nystagmus and dead white discs. He attends a school for the partially sighted. When he was 4 he had some convulsions, but has had none since.
In the other 3, neurological signs developed or increased after the Holter valve was inserted for treatment of their hydrocephalus. A boy, now 7 years old (Case 6), had very severe hydrocephalus with a Dandy-Walker syndrome (Fig. 3a) (Lorber, 1967) .
It is possible that these complications would have been avoided by attending to his shunt before he had any symptoms.
(d) 4 children with intellectual and neurological sequelae (Table V) Blockage or other problems connected with the ventricular catheter occurred in 12 instances, in addition to 4 others, in which both ends of the shunt became blocked. Such a blockage is more dangerous than a jugular catheter block, because the onset of symptoms is more sudden, it leads to more rapid increase in intracranial tension, and may lead to coma, convulsions, and death in a matter of hours in some cases. The signs are similar to those found in jugular blocks, except that the symptoms and the papilloedema develop much more quickly. The feel of the tube is different. Here no fluid can enter it from above, so it feels flat and empty, or remains empty after compression. A soft, empty tube, however, is not necessarily due to blockage of the ventricular catheter: it may merely mean that the pressure gradient, at the time, is such that no fluid need escape from the cerebral ventricles. In such cases the child is well, has no signs of intracranial hypertension, and no action need be taken. If there is clinical evidence of obstruction, and exploration shows that both upper and lower tubes are patent, the fault must lie in the valve itself. This is rare and did not occur in this series though we have seen it in more recent cases (Corkery and Zachary, 1967) .
Removal of the shunt in the belief that it is no longer necessary is to be avoided as it may lead to the same sudden rise in intracranial tension as blockage of the system. It may even lead to death, for it is very difficult to reinsert a shunt after the cerebral ventricles become of near normal size as a result of satisfactory treatment up to that time. Diminution of the size of the ventricles is indeed one of the main causes of blockage of the ventricular catheter, because it becomes embedded in cerebral substances. Another cause is obstruction by the choroid plexus which is less likely if the ventricular catheter is passed well forwards towards the anterior horn of the lateral ventricle.
Various infections connected with the shunt necessitated its removal or exteriorization in 6 instances. Meningitis, colonization of the valve, or exposure of the valve by skin breakdown were responsible for the need for revision in this group. This was often followed, at a later date, by reinsertion of a new shunt after the infection was overcome. These are usually grave events, which may lead to death or serious neurological deterioration in the patient.
An unusual, but interesting and well-recognized complication of the operation is the development of craniosynostosis, leading to proptosis, visual defect, 524 group.bmj.com on November 7, 2017 -Published by http://adc.bmj.com/ Downloaded from and increased intracranial tension, which occurred in one patient in this series and who required craniectomy for this reason (Case 6).
At least 3 and probably 4 of the 5 children who died lost their life as a result of complications with the shunt, and in at least 8 others these complications led to physical or intellectual deterioration.
Schooling
(A) Ordinary infants' and primary schools (18 children). Twelve of the 13 children with normal intelligence and who have no neurological sequelae attend the ordinary infants' and primary schools. The thirteenth is unsettled and moves from place to place for social reasons. Five handicapped children also attend ordinary schools in spite of very considerable difficulties in at least 2 children. It is the policy in our Unit to encourage children to go to an ordinary school, whenever possible.
(B) Special schools and training centres (7 children). Only 2 children attend schools for the physically handicapped. Another goes to a school for the partially sighted, and the fourth goes to a Blind School. One child has home tuition, because there is no school for the physically handicapped near his home and his mother will not let him go far from home. The sixth child in this group is in a training centre for the severely retarded, and the last is resident in a home for defective children.
Intelligence (Table VIII Schick and Matson (1961) .
It is essential to point out that these remarks do not apply to many of those infants whose relatively mild hydrocephalus is associated with spina bifida cystica, and in whom the hydrocephalus is often detected as a result of systematic ventriculography (Lorber, 1961) . About one-third of infants born with spina bifida and hydrocephalus do better without surgical treatment of their hydrocephalus, because they do not run the risks of the late complications of the shunting procedures. This problem will be the subject of a separate report.
It is clear, however, that the infants in this series whose hydrocephalus was not of an extreme degree when surgical treatment was first undertaken did better than those who were referred very late or in whom operation was delayed. Nevertheless, infants with even the most extreme degree ofhydrocephalus, as long as it had not been untreated for many months, could be treated fully successfully. 2 among 5 who were extremely severe cases are mentally and physically normal at 8 and 9 years, respectively. There are several other children treated in our Unit, who made similar satisfactory progress in spite of such extreme hydrocephalus that their head freely transilluminated before operation. There is a much younger child in our series, whose head had to be punctured during labour to allow delivery, and yet he is intellectually normal. Even the most severe degree of hydrocephalus is no contraindication to active treatment, though, of course, not all of such subjects will be normal individuals, and many will be severely retarded in spite of early treatment (Lorber, 1968 Nevertheless, the high incidence of complications, the need for further operative procedures, and the high late mortality resulting from these are indications for careful study of the optimal timing of primary operation and of the value of 'elective' revision procedures at a time when the child has no symptoms of increased intracranial pressure or suggestion of a blocked system. It is not known whether the existing shunts will be satisfactory or necessary for these patients' continued good progress. It is not known how many will reach adult life in good health and able to compete with other individuals in normal circumstances. It is, however, evident, that though the technique of the current surgical treatment is the best that can be offered today, search for better methods, and if possible without the necessity of indwelling foreign substances, should be continued.
Summary
Thirty consecutive cases of primary congenital infantile hydrocephalus unassociated with spina bifida cystica are reported. All were admitted and studied during their first year of life (24 under 6 months of age) and all were followed up to 7-9 years of age. A controlled therapeutic trial was carried out, in which infants were allocated by random sampling to immediate operative treatment, using the technique of ventriculo-caval shunting and the Holter valve. All but 2 of the control cases had to be operated on later because of the rapid progression of their condition and the development of intellectual and neurological deterioration.
There were 5 deaths, at least 3 and probably 4 being due to complications of the operative procedures. In at least 8 others, complications due to the 'shunt' led to serious intellectual or neurological deterioration in those who did well before blockage or infection of the shunt.
Nevertheless, the high survival figure of 83% and the fact that 84% of the survivors are of normal intellect indicate the advance made in this field of treatment. Half of the survivors have normal-sized heads, and there are none with really gross cranial enlargement. Large heads in hydrocephalic children are now avoidable with early treatment.
There are 13 children with varying neurological handicaps of which visual defects of varying degrees and upper motor neurone lesions of varying distribution and severity are the most important. An interesting feature is sexual precocity in 2 girls. Convulsions are extremely rare.
Further advances in treatment are to be sought by earlier referral to specialized teams dealing with these conditions; by the more accurate timing of operative interference; by the elective revision of existing shunts before they cease functioning effectively and the early recognition of such defects. Among more distant objectives are techniques of surgical treatment in which the permanent insertion of foreign substances can be avoided.
Meanwhile, if adequately treated, most children with uncomplicated hydrocephalus should survive, at least for many years, with normal-sized head,
